A series of 1,500 strains of Pseudomonas aeruginosa was collected from a variety of sources to provide a group of strains which would truly represent the species. All of them were pyocine typed, and a wide range of types was included among the isolates from each source. The gentamicin, carbenicillin, colistin, and polymyxin minimal inhibitory concentration of each strain was measured by the agar dilution method employing the Steers inocula replicator. Over 99% of strains were inhibited by 8 ,g of gentamicin per ml, by 256
In recent years it has become almost a platitude to stress the importance of gram-negative bacilli as a cause of hospital-acquired infections, and it is well recognized that among these infections, those due to Pseudomonas aeruginosa present some of the most difficult problems of management. The most valuable antibiotics presently available for their treatment are gentamicin, carbenicillin, and the polymyxins, and it is important to know the proportion of strains of P. aeruginosa susceptible to each of these and, to a lesser extent, to the older wide-spectrum antibiotics. There is considerable literature on the subject, but many investigators tested only small numbers of strains, organisms derived from culture collections, or series containing possible multiple isolates of a strain endemic in a localized area of a particular hospital. There is the additional problem, with reports on gentamicin susceptibility, that very different results are found when different culture media are employed. Some of the reported data may therefore be of limited application. The present investigation was designed to test a large enough series of different isolates of P. aeruginosa to give a broadly representative picture and to overcome the technical problems of testing gentamicin susceptibility levels. Every isolate was pyocine typed, and all reisolations of the same type from any infection were omitted from the series. Each of the 1,500 strains in this series was thus the only one of that type included from any one infection. Typing of all of the strains also made it possible to ensure that the series contained a wide variety of different types of P. aeruginosa. In order to make the collection more widely representative, strains were obtained from other hospitals, and from out-patients, to supplement the majority which came from infections of in-patients in the large general hospital in which the work was carried out.
MATERIALS AND METHODS
Pseudomonas strains. Of the 1,500 strains examined, 1,030 were isolated from infections of in-patients in Sunnybrook Hospital, Toronto, a 1,000-bed university general hospital housing both acute and chronic patients; 455 strains came from urine specimens, 345 from pus, and 230 from specimens of sputum. Another 120 were from infections in out-patients attending the same hospital, and 150 were from environmental samples taken in the hospital. The remaining 200 strains were from infections of patients in six other hospitals. The majority of the 200 were from two of the six hospitals, one a general hospital in another Canadian city and the other a specialized paraplegic unit in Toronto. When the strains were identified as P. aeruginosa in the diagnostic laboratory, they were pyocine typed by the method of Gillies and Govan (7, 8) . They were then stored at -70 C until the antibiotic susceptibility tests were done. All of the strains cin, 16 Table 1 . It can be seen that the group of strains from each different source contained a heterogeneous mixture of Pseudomonas. The same was also true for the 24 less frequently occurring types, which are grouped together in Table 1 under the heading "other types."
Effects of culture media. The marked variations in the gentamicin MIC of each of the eight strains tested on seven media are seen clearly in Table 2 . With one-half of the strains, there was a 32-fold difference between the highest and lowest results, and with the rest there was a 16-fold difference. The gentamicin MIC of three of these strains also was tested separately in two different batches of the lysed blood medium described above; each batch was made from a different sample of human blood. The results in this medium were closest to those obtained with BBL-brand brain heart infusion (BHI) agar in the tests done by the standard replicator method. BHI agar was therefore used as the standard medium throughout the investigation. When the experiments on the effects of different media on gentamicin susceptibilities were being Fig. 2 .
The distribution of strains of each MIC was very similar for specimens from in-patients and out-patients at Sunnybrook Hospital, for specimens from patients in other hospitals, and for specimens isolated from the environment. As may be seen in Table 5 Colistin. The great majority of the Pseudomonas fell within a very narrow range of susceptibility to colistin. All but 4.4% had MICs between 1 and 4 ,ug/ml. The distribution of MICs in the whole series and subdivision by source is shown in Table 6 . The cumulative percentages of strains inhibited are shown in Fig. 1 , and the distribution of MICs in Fig. 2 .
The 13 strains with MICs over 4 gg/ml included eight different pyocine types. Unlike gentamicin and carbenicillin, colistin gave a sharp cutoff point of inhibition with almost all strains. The amount of growth at concentrations below the completely inhibitory concentration was the same as in the control culture without antibiotic.
Other antibiotics. Polymyxin B sulphate susceptibilities bore an almost constant relationship to susceptibilities to colistin. With very few exceptions, and where both were identical, the polymyxin MIC of each strain was one-half of its colistin MIC. This relationship was observed at all levels of susceptibility.
The other four antibiotics were tested only at a single concentration. Only four strains out of the entire series of 1,500 were inhibited by 4 Ag of tetracycline per ml, and only two by 4 ,ug of chloramphenicol per ml. A slightly larger number of strains was susceptible to kanamycin and streptomycin; 12 strains were inhibited by 16 jig of kanamycin per ml and 16 strains by 8 qg of streptomycin per ml. The strains which were susceptible to these four antibiotics were of a wide variety of pyocine types.
DISCUSSION
The aim of this investigation was to test the antibiotic susceptibility of a group of P. aeruginosa which was large enough to be representative and which was as free as possible from the bias which is introduced by the inadvertent inclusion of numerous identical strains spread through a hospital unit by cross-infection. Widespread cross-infection by strains highly resistant to gentamicin (15) and to carbenicillin (11) has been observed, for example, in burns units, and the inclusion of many such strains in a series would markedly bias the overall susceptibility results. The present series is a large one comprising strains from a variety of sources, and there was a wide distribution of pyocine types in each of the four main subdivisions: strains from inpatients in the author's hospital, those from out-patients in that hospital, strains from the hospital environment, and strains from patients in other hospitals. The closely similar distribution of strains of each MIC among isolates from the different sources is apparent in Table 3 for gentamicin, in Table 4 for carbenicillin, and in Table 6 for colistin. This further suggests that the strains fromn each source contained a similarly representative mixture of types and that the entire series of 1,500 probably does give a true representation of the great variety of bacteria which constitute the species P. aeruginosa.
A major problem of Pseudomonas susceptibility testing is that of the choice of the most suitable medium for testing gentamicin. There have been enormous differences in the average gentamicin susceptibilities of P. aeruginosa reported by different workers. Darrell and Waterworth (3) reported that most of their strains had MICs of 2 to 4 ug/ml. Traub (17) , on the other hand, recorded MICs of 0.2 to 0.4 ,ug/ml. These differences are undoubtedly due to the use of different media for performing the tests. Garrod and Waterworth (6) clearly demonstrated this point and emphasized the major influence of the magnesium concentration of the medium upon the MIC obtained. The findings presented in Table 2 are in full agreement with those of Garrod and Waterworth on the influence of the medium on the gentamicin MIC of a Pseudomonas.
There is no ready means of deciding which of the media gives results most closely reflecting the situation in the patient's body. Garrod Almost all of the Pseudomonas in our series were susceptible to the levels of gentamicin which can be achieved in a patient's serum with relative safety. Only 1% were not inhibited by 8 ,ug/ml, and 94% were inhibited by 4 ,g/ml. The susceptibility of so many strains to 4 ,g/ml is of practical importance, because serum levels higher than 4 (2) are markedly at variance with our results and with these other two reports. Only 4% of Bodey and Terrell's strains were inhibited at 50 ug/ml, 8% at 100 Ag/ml, and 36% at 200 usg/ml. They tested strains described as Pseudomonas species rather than as P. aeruginosa, which were all derived from infections of patients with neoplastic disease in one hospital; the series may therefore have been a collection of unusual and particularly resistant pseudomonas. In our series, all except three strains were susceptible to 512 gg/ml and would therefore be inhibited by the levels of carbenicillin which can be obtained in the urine. Highly resistant strains appear to be uncommon, except in burns units (10, 11) ; and there is evidence (9, 13) that such Pseudomonas develop carbenicillin resistance by the acquisition of a plasmid from another species of gram-negative rod also infecting the burn.
We found that 10 times the percentage of sputum isolates as of strains from urine and pus had a carbenicillin MIC of 8 ps/ml or less. This finding agrees exactly with the observation of May and Ingold (12) that Pseudomonas isolated from the respiratory tract had very low carbenicillin MIC levels. These authors reported investigations on a series of strains exclusively derived from the respiratory tract. The similar findings for respiratory strains in the present series can be contrasted directly with the infrequent isolation of such highly susceptible Pseudomonas from urine and pus specimens from patients in the same hospital environment as those yielding the very susceptible respiratory strains. Like those of May and Ingold, these strains with low carbenicillin MICs were a heterogeneous mixture of different types which were therefore unlikely to represent cross-infection by one unusually susceptible strain. Like these workers we have no ready explanation for this observation.
Almost all of our strains were inhibited by 4 yg of colistimethate sodium and by 2 gg of polymyxin sulphate per ml. For colistimethate, this is very similar to the findings of Fekety, Norman, and Cluff (5). The methanesulphonate derivatives of polymyxins have lower antibacterial activity than the sulphates, paralleling their lesser toxicity (1) . In vitro the difference in activity has been reported as two-to threefold (5) and as four-to eightfold (4) . The extent of the difference is probably not of very great significance because in vitro tests with polymyxin methanesulphonates can be markedly affected by gradual reversion of the derivative to the more active base (1). The sulphates of colistin and polymyxin B have been reported to possess closely similar activity (4). It was of interest that in the entire series of 1,500 strains, there was only one which was not inhibited by at least one of three antibiotics, gentamicin, carbenicillin, and colistin, at the sort of serum levels readily achieved with normal dosage. Even that strain was not very highly resistant; its gentamicin MIC was 8 gg/ml, and its carbenicillin MIC was 256 ,gg/ml. 
